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TITLE OF THE INVENTION 

Living Body Information Signal Processing System 
Combining Living Body Optical Measurement Apparatus and 
Brain Wave Measurement Apparatus and Probe Device Used 

5 for the Same 

FIELD OF THE INVENTION 
[0001] 

The present invention relates to a living body 
information signal processing system combining a living 

10 body optical measurement apparatus and a brain wave 
measurement apparatus and a probe device used for the 
same, which, in particular, permits displaying a 
measurement result of living body optical signals and 
brain wave signals on a common display device and 

15 permits a highly accurate living body optical 
measurement eliminating ineffective measurement by 
making use of the measured brain wave signal data, and 
relates to a probe device used for the living body 
optical measurement apparatus and the brain wave 

20 measurement apparatus which permits easy attachment 
thereof for quickening a preparation work for the 
measurement . 

CONVENTIONAL ART 
[0002] 

25 A living body optical measurement apparatus is an 

apparatus which irradiates light having wavelengths of 
from visible to near infrared region onto a living body 
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subject, measures penetration light passed through the 
intra living body while repeating random scattering and 
images optical characteristic differences in the intra 
living body. With such living body optical measurement 
5 apparatus , through measuring living body metabolites 
such as hemoglobin and blood stream, since living body 
functions can be measured conveniently with a low 
restriction to the living body and in a non-invasive 
manner to the living body, the application of the living 

10 body optical measurement apparatus is spreading in the 
field of such as clinical medicine and brain science. 

An activation of higher brain functions relating 
to, for example, thinking, language, sense and motor 
is closely related to oxygen metabolism and blood 

15 circulation in the intra living body and corresponds 
to concentration variation of specific pigments (such 
as hemoglobin) in the intra living body. Accordingly, 
for example, JP-A-9-149903 discloses an apparatus which 
irradiates light of plurality of wavelengths of from 

20 visible to infrared region which are likely absorbed 
by the specific pigments onto a plurality of portions 
of a brain, detects penetration light passed through 
the intra brain from a plurality of portions and images 
from the absorbed light amount variations of such as 

25 metabolites concentration and hemoglobin 

concentration in blood in the intra brain, and permits 
measurement of higher brain functions. 
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As clinical applications of the living body 
optical measurement apparatus, when, for example, head 
is selected as the measurement object, measurements of 
such as states of activation and variation of hemoglobin 
5 in the intra brain and local bleeding in the intra brain 
are enumerated. 

On the other hand, brain wave signals which are 
generated from the living body in association with the 
like brain function activity are being used from the 

10 past for diagnosing brain diseases as a mean which can 
directly measure activities of the brain nerves. Namely, 
in the field of brain science brain waves which are 
generated in association with the brain activity are 
measured by contacting electrodes on the scalp and based 

15 on brain wave signals (such as a wave, j3 wave, 0 wave 
and 6 wave) in a specific frequency band region an 
analysis of higher brain functions such as intelligent 
function such as thinking and language and motor 
function has been attempted. For example, a research 

20 and development is advanced in which by contacting many 
elefctrodes on the surface of the scalp, a two 
dimensional electroencephalogram is obtained, 
functions of respective portions in the brain are 
analyzed and existence and absence of such as brain 

25 disorder is diagnosed for reflecting the same to medical 
treatment . 

Although the physical amounts of the measurement 
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object are different, since both signals relate to the 
same brain activity, the information carried on the 
signals is different, and further, their spatial and 
temporal characteristics are in a complementary 
5 relationship, simultaneous measurement of the both 
signals has been attempted. 

Although the above referred to simultaneous 
measurement of the brain wave signals and the living 
body optical signals is by itself comparatively easy 

10 because of no physical interference between both 
signals, however, since the temporal and spatial 
characteristics of both signals differ greatly, it was 
difficult even for a specialist doctor to observe both 
signals comprehensively and to apply the observation 

15 result to disease diagnosis. 

In particular, only with the simultaneous 
measurement and simultaneous display of both signals 
according to the conventional manner as disclosed, for 
example, in JP-A-2003-149137, an effective diagnosis 

20 information could not be obtained efficiently. 

Now, when measuring the higher brain functions 
such as thinking, language and motor with the 
conventional living body optical measurement apparatus, 
stimulation is given to the brain through such as the 

25 ear sense and eyesight, the state variation of the brain 
before and after the stimulation is imaged and both 
images are compared to diagnose the brain function. 
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Although the analysis of the relationship between 
the brain state appeared on the optical measurement 
image and the stimulation given is advancing, a correct 
diagnosis is not yet achieved based on the optical 
5 measurement image while correlating with the brain 
state determined by the brain wave measurement 
apparatus . 

Further, when performing the living body optical 
measurement and the brain wave measurement 

10 simultaneously, it is necessary to dispose top end 
portions of a plurality of irradiation use optical 
fibers and light receiving use optical fibers carried 
by a living body optical measurement apparatus use probe 
device on predetermined positions of the head while 

15 pushing out hair disturbing the measurement for every 
optical fibers and subseguently to dispose tops of a 
plurality of brain wave electrodes carried by the brain 
wave measurement apparatus use probe device while 
avoiding the previously disposed optical fiber 

20 positions, therefore, it takes great many time and work 
for preparation and setting before starting the 
measurement . 

An object of the present invention is to provide 
a living body information signal processing system 

25 combining a living body optical measurement apparatus 
and a brain wave measurement apparatus which permits 
an observer to easily understand living body optical 
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signals and brain wave signals, to facilitate 
comprehensive observation of both signals and to 
provide new diagnostic information which can not be 
obtained from the individual signals. 
5 Another object of the present invention is to 

provide a living body information signal processing 
system combining a living body optical measurement 
apparatus and a brain wave measurement apparatus which 
permits a highly accurate living body optical 

10 measurement eliminating ineffective measurement by 
making use of the brain wave signal data measured by 
the brain wave measurement apparatus . 

A still another object of the present invention 
is to provide a probe device used for a living body 

15 optical measurement apparatus and a brain wave 
measurement apparatus which is adapted for both living 
body optical measurement and brain wave measurement and 
reduces time and work required for the measurement 
setting. 

20 SUMMARY OF THE INVENTION 

One aspect of the present invention is directed 
to a living body information signal processing system 
combining organically a living body optical measurement 
apparatus and a brain wave measurement apparatus in 

25 which living body optical signals and brain wave signals 
measured respectively by the living body optical 
measurement apparatus and the brain wave measurement 
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apparatus are displayed on a common display device while 
correlating to the respective measurement positions so 
as to permit comprehensible observation of both 
signals . 

5 Another aspect of the present invention is 

directed to a living body information signal processing 
system combining organically a living body optical 
measurement apparatus and a brain wave measurement 
apparatus, which permits to obtain living body optical 

10 signal data corresponding to a predetermined brain 
state, for example, an awaking state represented by 
brain wave signal data measured by the brain wave 
measurement apparatus. 

Still another aspect of the present invention is 

15 directed to a probe device for the above system which 
is provided with a common holder which is mounted on 
a subject, irradiation use optical fibers which are 
attached to the holder and irradiate inspection light 
used for the living body optical measurement, light 

20 receiving use optical fibers which are attached to the 
holder with an interval with respect to the irradiation 
use optical fibers and receive penetration light of the 
inspection light from the subject and 
electroencephalogram electrodes which are attached at 

25 intermediates between the irradiation use optical 
fibers and light receiving use optical fibers and are 
to be contacted to the subject. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is a block diagram showing schematically an 
embodiment of a living body information signal 
processing system combining a living body optical 
5 measurement apparatus and a brain wave measurement 
apparatus according to the present invention; 

Fig. 2 is a display example displayed on a display 
device by a living body signal processing and displaying 
device in the living body signal processing system 

10 according to the present invention, in which on a two 
dimensional brain wave measurement image which is 
superposed on an image showing a ,head portion of a 
subject, a two dimensional living body optical 
measurement image is further superposed. 

15 Fig. 3 is another display example displayed on a 

display device by a living body signal processing and 
displaying device in the living body signal processing 
system according to the present invention, in which a 
two dimensional image showing measurement positions of 

20 brain wave signals and living body optical signals 
superposed on an image showing a head portion of a 
subject and a selected position shown by an arrowed led 
out line and variations of brain wave signals and living 
body optical signals at the selected position shown in 

25 parallel along time axis, are displayed. 

Fig. 4 is still another display example displayed 
on a display device by a living body signal processing 
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and displaying device in the living body signal 
processing system according to the present invention, 
in which a two dimensional living body optical 
measurement image is displayed while being superposed 
5 on a two dimensional image showing light irradiation 
positions and penetration light detection portions 
thereof on the subject and a selected position shown 
by an arrowed led out line and variations of brain wave 
signals and living body optical signals at the selected 
10 position shown in parallel along time axis, are 
displayed. 

Fig. 5 is a further display example displayed on 
a display device by a living body signal processing and 
displaying device in the living body signal processing 

15 system according to the present invention, in which the 
up and down relationship of the two dimensional brain 
wave measurement image and the two dimensional living 
body optical measurement image as shown in Fig. 2 are 
inverted and the former is projected on a first layer 

20 and the latter is projected ori a second layer and both 
are displayed while spacing apart both layers. 

Fig. 6 is a still further display example displayed 
on a display device by a living body signal processing 
and displaying device in the living body signal 

25 processing system according to the present invention, 
in which on one of two images displayed in parallel both 
showing a head portion of a subject, time course graphs 
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of the brain wave measurement signals are shown on 
respective corresponding measurement positions and on 
the other image , time course graphs of the living body 
optical measurement signals are shown on respective 
5 corresponding measurement positions. 

Fig. 7 is a still further display example displayed 
on a display device by a living body signal processing 
and displaying device in the living body signal 
processing system according to the present invention, 

10 in which (a) displays a spatial distribution of optical 
measurement signals, (b) displays a spatial 
distribution of brain wave measurement signals in a same 
measurement space and (c) displays the product spatial 
distribution of the spatial distributions of (a) and 

15 (b) . 

Fig. 8 is a diagram for explaining a computation 
for determining correlation between brain wave 
measurement signals and optical measurement signals at 
a certain measurement position by a living body signal 

20 processing and displaying device in the living body 
signal processing system according to the present 
invention, in which (a) shows a time course graph along 
time axis of intensity of brain wave measurement signals 
normalized by the maximum value, (b) shows a time course 

25 graph along the same time axis of intensities of optical 
measurement signals normalized by the maximum value and 
(c) shows a diagram formed by plotting intensities of 
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the brain wave measurement signals and the optical 
measurement signals one of which is on one of two 
perpendicularly crossing axes and the other on the other 
axis while using time as a parameter. 
5 Fig. 9 is a block diagram showing schematically a 

living body information signal processing system with 
a device for providing stimulation to a subject 
according to another embodiment of the present 
invention . 

10 Fig. 10 is a diagram for explaining of providing 

stimulation for drawing attention of a subject by making 
use of levels of brain wave in the embodiment as shown 
in Fig. 9. 

Fig. 11 is a flowchart for explaining processing 
15 sequence of providing stimulation for drawing attention 
of a subject by making use of levels of brain wave in 
the embodiment as shown in Fig. 9. 

Fig. 12 is a diagram for explaining adoption or 
rejection of optical measurement data by making use of 
20 levels of brain wave in the embodiment as shown in Fig . 9 . 

Fig. 13 is a flowchart for explaining a processing 
sequence of adoption or rejection of optical 
measurement data by making use of levels of brain wave 
in the embodiment as shown in Fig. 9. 
25 Fig. 14 is a diagram for explaining adoption or 

rejection of optical measurement data by making use of 
levels of a specific frequency in brain waves in the 
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embodiment as shown in Fig. 9, 

Fig. 15 is a diagram for explaining adoption or 
rejection of optical measurement data by making use of 
levels of body motion amount in an alternative example 
5 in which a body motion detection device is used in place 
of the brain wave measurement device in the embodiment 
as shown in Fig. 9. 

Fig. 16 is a flowchart for explaining a processing 
sequence of adoption or rejection of optical 
10 measurement data by making use of levels of body motion 
amount in the alternative of Fig. 9 embodiment as shown 
in Fig. 15. 

Fig. 17 is a diagram for explaining a relationship 
between degree of open eye and a wave in brain waves 
15 in connection with an open eye monitor used in the 
embodiment as shown in Fig. 9. 

Fig. 18 is a diagram for explaining differences 
between optical measurement and brain wave measurement . 

Fig. 19 is a diagram showing an example of timing 
20 pattern of providing stimulation for optical 
measurement and brain wave measurement in the 
embodiment as shown in Fig. 9. 

Fig. 20 is a block diagram of ah example of a 
sampling pulse producing circuit for optical 
25 measurement and brain wave measurement in a cooperative 
control unit in the embodiment as shown in Fig. 9. 

Fig. 21 is a time chart of sampling pulses produced 



13 



by the sampling pulse producing circuit as shown in 
Fig. 20. 

Fig. 22 is a diagram showing another example of 
timing pattern of providing stimulation for optical 
5 measurement and brain wave measurement in the 
embodiment as shown in Fig. 9. 

Fig. 23 is a partially cross sectioned perspective 
view representing a first embodiment of a probe device 
used in a living body signal processing system according 
10 to the present invention. 

Fig. 24 is a perspective view representing an 
essential part of a second embodiment of a probe device 
used in a living body signal processing system according 
to the present invention. 
15 Fig. 25 is a bottom view of the top end portion 

of Fig. 24. 

Fig. 2 6 is a schematic side view representing a 
third embodiment of a probe device used in a living body 
signal processing system according to the present 

20 invention. 

Fig. 27 is a schematic side view representing a 
fourth embodiment of a probe device used in a living 
body signal processing system according to the present 
invention. 

25 Fig. 28 is a schematic side view representing a 

fifth embodiment of a probe device used in a living body 
signal processing system according to the present 
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invention. 

Fig. 29 is a bottom view of an essential part of 
the probe device of the fifth embodiment as shown in 
Fig. 28. 

5 DETAILED DESCRIPTION OF THE EMBODIMENT 

Herein below, preferred embodiments of the living 
body information signal processing system according to 
the present invention will be explained in detail with 
reference to the drawings attached. 

10 Fig.l shows a constitution of the living body 

information signal processing system 100 according to 
an embodiment of the present invention. The living body 
information signal processing system 100 is constituted 
by a living body optical measurement apparatus 300, a 

15 brain wave measuring apparatus 400 and a living body 
signal processing and displaying device 200 which 
processes input signals from both and displays the 
processed results. 

A probe device 50 for the living body optical 

20 measurement apparatus 300 and the brain wave measuring 
apparatus 400 is mounted on a head portion of a subject 
140 and the probe device 50 used for the system of the 
present invention is constituted by a plurality of 
inspection light irradiation use optical fibers 102a 

25 and penetration light receiving use optical fibers 102b 
for the living body optical measurement apparatus 300 
and a plurality of brain wave electrodes 104 and a common 
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rubber made or plastic made probe holder 101 for holding 
these fibers and electrodes at predetermined positions . 

The living body signal processing and displaying 
device 200 is constituted by a data input unit 210, a 
5 data storage unit 220, a data processing unit 230, a 
cooperative control unit 240, a display device 250 and 
a console 2 60. 

Time variation signals of hemoglobin of the 
subject, which are measured by the living body optical 

10 measurement apparatus 300 are input in the data input 
unit 210 and transferred to the data storage unit 220 
to store the same. Information showing positions of 
respective measurement points and information of 
measurement time are added to the data and are 

15 transferred at the same time. 

On the other hand, variation of brain wave signals 
from the electrodes disposed at the head portion of the 
same subject, which are measured by the brain wave 
measuring apparatus 400 are also input in the data input 

20 unit 210 together with information showing measurement 
time and respective measurement points and transferred 
to the data storage unit 220 to store the same. 

The data processing unit 230 performs a 
comprehensive processing based on the data from the two 

25 apparatus and the added information of the measurement 
time and the measurement positions and the processed 
result is displayed on the display device 250. 
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The data display is performed either in real time 
during the measurement or in off line after the 
measurement, however, display methods which will be 
explained herein below are applicable for both cases. 
5 Further, other than the real time and off line 

display of both data, by means of combination of 
different time modes in which only one data of living 
body optical signals and brain wave signals is displayed 
in real time and the other data is displayed from the 

10 data stored, an observation of real time measurement 
can be facilitated. 

Since the living body signals and the brain wave 
signals are signals at a plurality of measurement points 
on the scalp, the information showing the measurement 

15 position is stored. Display manners of the respective 
signals are, for example, as follows; 

1. Time course graphs showing time variation of 
signals at respective points, 

2 . Time course maps in which the time course graphs 
20 of above 1 are distributed to the respective measurement 

positions, 

3 . Two dimensional images constituted by averaging 
the measurement signals at respective points at a 
specific time or at a specific time band, 

25 4 . Animating images of the two dimensional image 

of above 3 prepared by the signals at the respective 
points and at the specific time. 
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In the living body information signal processing 
system 100, when combining the above display manners 
properly depending on the purpose of an observer, a 
comprehensive observation of the living body signals 
5 and the brain wave signals can be achieved easily. 

The brain wave measurement apparatus 400, after 
mounting the brain wave electrodes at predetermined 
portions of the head portion of the subject and 
observing currents led from the electrodes, can catch 

10 nerve activity in the brain as specific signals of 
respective points in the brain. The brain wave signals 
include induction brain waves which are obtained by 
measuring a quick reaction of 10-300ms in response to 
repeating stimulations of many times, and continuous 

15 brain waves which are obtained by measuring the brain 
waves continuously according to time, and measurement 
methods and measurement devices suitable for the 
respective measurements have been developed and used 
widely for clinical applications. 

20 In connection with signals measured by the 

living body optical measurement apparatus 300 and the 
brain wave measuring apparatus 400, a variation of 
hemoglobin amount at respective measurement points 
according to time variation with regard to living body 

25 optical signals and a variation of electrical signals 
at respective time with regard to brain signals, in that 
a potential variation in time direction during 



stimulation repeating period with regard to the 
induction method and primarily an oscillating variation 
of electrical signals over the entire measurement time 
range with regard to the continuation method are 
5 recorded and stored. 

Both signals are stored being added of information 
of ID of the subject and others and information with 
regard to measurement positions and measurement time. 
Herein below, sequences of displaying at the same 

10 time or while shifting time each other information of 
living body optical signals and brain wave signals in 
a convenient manner and in a manner that an observer 
can easily diagnose will be explained with reference 
to specific examples. 

15 In Fig. 2, among measured signals, a two 

dimensional image obtained by the brain wave 
measurement is at first displayed while superposing on 
an image showing a head portion of the subject and 
further, a two dimensional image of the living body 

20 optical measurement is displayed by superposing on the 
two dimensional image of the brain wave measurement. 
At this instance, the two dimensional image of the 
living body optical measurement is displayed in a 
different hue from that of the two dimensional image 

25 of the brain wave measurement. For the two dimensional 
image display as in the present example, although a 
pseudo light and shade formed by mixing specific colors 
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of more than one is usually used other than the use of 
monochromatic light and shade, in the present example, 
in order to ease discrimination of both two dimensional 
images, different pseudo colors, for example, red-blue 
5 hue for the former and yellow-green hue for the latter 
are used. 

Further, the two dimensional image of the brain 
wave measurement is displayed in a pseudo color light 
and shade, and the living body optical signals are 

10 displayed in a contour diagram using color lines not 
contained in the pseudo color and superposed on the two 
dimensional image. 

The up and down relationship of both display layers 
above can be inverted, further, the up and down 

15 relationship can be designed to be able to arbitrarily 
designate depending on desire of the observer. Still 
further, when one of the two layer images is displayed 
in semi-transparent, the relationship of both can be 
easily observed. 

20 Fig. 3 shows an example of led out screen image in 

which when a desired observation position is selected 
via the console 2 60 from the two dimensional image 
showing measurement positions of the brain wave signals 
and the living body optical signals, two kinds of time 

25 course data diagrams of the brain wave signals and the 
living body optical signals are displayed in parallel 
on an area different from the position displaying image 
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on the display screen together with an arrowed mark 
showing the selected position. 

In Fig. 4, the above led out screen image is 
displayed on the two dimensional measurement position 
5 image and together with the two dimensional 
distribution image, a time variation relationship of 
two signals of the living body penetration light and 
the brain wave at a certain specific measurement point 
is conveniently displayed. The two signals of the living 

10 body penetration light and the brain wave are measured 
at the same timing at the same measurement position and 
display a time variation relationship of the two signals . 
The brain wave graph and the living body penetration 
light graph shown in parallel in Fig. 4 are respectively 

15 those measured at the same timing, with which how the 
graphs of the brain wave and the living body penetration 
light vary according to time can be grasped. Further, 
the above measurement point can be arbitrarily set via 
the console. 

20 Further, when the brain wave is measured and the 

living body penetration light is not measured, only the 
time variation of the brain signals can be displayed, 
and when the living body penetration light is measured 
and the brain wave is not measured, only the time 

25 variation of the living body optical signal can be 
displayed. 

Fig. 5 shows the up and down relationship of the 
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two dimensional brain wave measurement image and living 
body optical measurement image in an inverted manner 
as that shown in Fig. 2 and displays both images in a 
spaced apart manner, in which in order to easily 
5 discriminate measurement positions while displaying 
the two kinds of two dimensional images simultaneously, 
the two dimensional images of two layers are displayed 
on two planes of different heights in a three 
dimensional space. The up and down relationship of both 

10 display layers above can be inverted, further, the up 
and down relationship can be designed to be able to 
arbitrarily designate depending on desire of the 
observer via the console 2 60. 

Fig. 6 shows time course maps displaying time 

15 course graphs of the brain wave measurement and living 
body optical measurement at respective measurement 
positions and the corresponding graphs are displayed 
in parallel on the two kinds of respective time course 
maps, thereby, a relationship of both signals at the 

20 respective measurement points can be easily observed. 

In the above display, the two kinds of data are 
displayed in parallel and the mutual relationship 
between the signals is judged by the observer, however, 
when the relationship between the two signals is 

25 processed mathematically and the result is displayed, 
a load of the observer can be further reduced. 

Fig. 7 is an example in which values of two data 
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at respective points of two images representing spatial 
distribution of two kinds of signals, in that a spatial 
distribution (a) of the optical measurement signals and 
a spatial distribution (b) of the brain wave measurement 
5 signals, are multiplied, and the result is newly 
constituted as a composite image (c) and displayed. As 
a result, since at the portion where the signals of both 
data increase at the same time the composite image is 
emphasized, thereby, the relationship between two 

10 signals is clearly presented. 

Herein for the computation of the two signals a 
function optimized theoretically or experimentally can 
be used depending on the objective phenomenon to be 
observed. For example, as shown in Fig. 8, both data with 

15 regard to intensities of brain wave measurement signals 
(a) and living body optical measurement signals (b) at 
a certain measurement point are normalized with the 
maximum values and through plotting these two data on 
a perpendicularly crossing axes using time as a 

20 parameter, a diagram (c) representing a correlation of 
both data at the certain measurement point is 
constituted, with this diagram, for example, 
correlation coefficients, phase differences at 
respective measurement points and area of the diagram 

25 are determined and these can be displayed in two 
dimensional images. 

Fig. 9 shows an entire constitutional diagram of 
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another embodiment of the living body information 
signal processing system according to the present 
invention. The present embodiment is a system, which 
combines an optical measurement apparatus and a brain 
5 wave measurement apparatus. In the drawing, a plurality 
of optical sources (in the illustrated example, two 
sources) 301 generate near infrared light having 
wavelengths of about 600~1200nm which easily penetrates 
human body. The near infrared light generated from the 

10 optical sources 301 is led to an optical directional 
coupler (photo-coupler) 302 via an optical fiber and 
mixed there, and coupled in an irradiation use optical 
fiber 102a in a transmittable manner. A top end of the 
optical fiber 102a is attached to a head cap 101 in a 

15 manner to be held at a desired position on a head portion 
of a subject 140. 

On the head cap 101 a top end of a light collecting 
use optical fiber 102b is secured which leads 
penetration light signal retuned to the outside from 

20 the inside of head of the subject while scattering 
therein to a photo detector 306. The photo detector 306 
is constituted by such as a photodiode and a photo 
multiplier tube and converts input optical signals into 
electrical signals. The optical signals converted into 

25 electrical signals by the photo detector 306 are input 
to a plurality (in the illustrated example, two sources) 
of phase detectors (wave detectors (in the illustrated 
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example, two detectors)) 307. The phase detector 3G7 
performs filtering with reference to a modulation 
frequency set for every optical sources 301 and outputs 
an optical amount of the corresponding optical signal 
5 for every optical sources 301 to an A/D converter 309. 
The A/D converter 309 converts the detected optical 
amount of the optical signal to digital data and output 
the same to an optical measurement control device 310. 

The optical measurement control device 310 

10 controls such as the optical intensity of the respective 
optical sources 301 such as laser diodes and the 
amplification of the photo detector 306 via a driving 
device 308 for the optical sources 301 as well as 
controls the living body optical measurement from the 

15 beginning to the end. An optical computing device 311 
calculates variation amount of oxy-hemoglobin, 
deoxy-hemoglobin and total hemoglobin in the subject 
140 from two or three kinds of near infrared light pairs 
passed a same portion in the subject 140 by making use 

20 of the detected optical amount of the respective optical 
sources output from the A/D converter 309. Optical 
measurement data representing the calculation result 
are displayed on a monitor 250 serving as a display 
device in numerical values or in image forms as well 

25 as stored in a memory 220. Further, a stimulation 
providing device 521 is a device, which is disposed, 
for example, near the head portion of the subject 140 
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and provides stimulation such as sound and image to the 
subject 140. 

On the other hand, the brain wave measurement 
apparatus 400 is constituted by including brain wave 
5 electrodes 104 disposed on the head portion of the 
subject 140, a brain wave receiving device 431 and a 
brain wave computing device 432. The brain wave 
receiving device 431 receives a variation of the brain 
wave detected by the brain wave electrodes 104 and 

10 displays the same on the monitor 250 as well as outputs 
the same to the brain wave computing device 432. The 
brain wave computing device 432 detects brain waves such 
as 0 wave and j3 wave based on the input brain waves 
and determines conditions such as physical condition 

15 (for example, sleepiness) of the subject 140 based on 
the detection. Computing results such as magnitudes and 
ratio of the 0 wave and j3 wave detected by the brain 
wave computing device 432 are output on a display screen 
522 provided for the stimulation providing device 521. 

20 When the magnitudes and ratio of such as the 0 wave and 
0 wave inputted exceed over or fall below a set value, 
the stimulation providing device 521 is constituted so 
as to output a trigger signal 523 to the optical 
measurement control device 310 and to perform controls 

25 of termination, pause and start of the optical 
measurement . 

Namely in the optical measurement, it is desired 



to measure a relationship between timing when 
stimulation to ear or eye of the subject 140 is given 
by the stimulation providing device 521 and a variation 
of the brain function, for example, a variation of the 
5 brain function before and after providing the 
stimulation. Therefore, in the present embodiment, the 
optical measurement control device 310 performs 
controls of termination, pause and start of the optical 
measurement depending on the brain condition of the 

10 subject, for example, whether the brain is awakened with 
the trigger signal 523 output from the stimulation 
providing device 521. 

The operation and manner of use of the thus 
constituted present embodiment will be explained in 

15 detail herein below. When performing the optical 
measurement of the active condition of the brain, it 
is at first necessary to hold the measurement condition 
at a constant level such as controlling the active 
condition of the brain of the subject 140 at a constant 

20 or a desired condition. Herein below, the operation and 
manner of use of the present embodiment will be 
explained according to classified measurement modes 
depending on the optical measurement purposes . Further, 
the measurement modes explained below can be activated 

25 or used independently each other or in proper 
combinations of the plurality of the modes. 
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(Optical measurement control mode with attention 
drawing function to subject) 

In a case when performing the optical measurement 
of the active condition of the brain, as an example of 
5 measuring the active condition of the brain of the 
subject 140 while maintaining the same at a constant 
condition, it is necessary to draw attention of the 
subject 140, for example, so as not to sleep. In this 
instance, as shown in Fig. 10, an image for drawing 

10 attention is displayed on the display screen 522 of the 
stimulation providing device 521. A curve 601 in (a) 
of the drawing shows time variation of awakening degree 
of the subject computed by the brain wave computing 
device 432. A line 602 in (a) of the drawing shows a 

15 judgment threshold value with regard to awakening 
degree for drawing attention. When the awakening degree 
falls below the judgment threshold value as shown in 
period B in the drawing, a lamp 604 for drawing attention 
is lighted as shown by B in (b) of the drawing and when 

20 the awakening degree exceeds over the judgment 
threshold value as shown in period A in the drawing, 
the lamp 604 is unlighted as shown by A in (bj of the 
drawing. Thereby, the optical measurement condition is 
kept in a constant allowable range. 

25 Fig. 11 shows an example of a sequence in which the 

degree of awakening is computed by the brain wave 
computing device 432, the degree of awakening is judged 
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and stimulation for drawing attention is given. As shown 
in Fig. 11, the brain wave computing device 432 measures 
in real time the brain waves input from the brain wave 
receiving device 431 (SI), and the brain wave data of 
5 a predetermined section (sampling cycle) of immediately 
before are Fourier transformed for every sampling cycle 
(S2) . Subsequently, signal intensity of 0 wave (4~7Hz 
components) in the brain waves indicating moving to 
sleep, in that dozing of the subject is determined (S3) . 

10 The determined signal intensity of 0 wave is displayed 
on the display screen 522 of the stimulation providing 
device 521 as the degree of awakening depending on 
necessity. Subsequently, it is judged whether the 
signal intensity of 0 wave exceeds over a judgment 

15 threshold value set in advance (S5) . When not exceeding, 
in order to draw attention of the subject a display of 
attention drawing is given on the display screen 522 
(S6) . When the signal intensity of 0 wave exceeds over 
a judgment threshold value, no display of attention 

20 drawing is given on the display screen 522. 

Herein, as possible causes which require the 
attention drawing of the subject, other than the degree 
of awakening there include an attention intensity which 
can be measured from the brain waves and a body motion 

25 which can be measured from myoelectric signals which 
will be explained later. Further, as the methods of 
drawing attention, when measuring a brain reaction to 



29 



sound, it is preferable to display an image on the 
display screen 522, and when measuring a brain reaction 
to vision, it is preferable to use sound. Further, the 
attention drawing can be achieved, for example, by 
5 variation of alarm sound, variation of frequency, 
variation of touch sense {temperature) or influencing 
to eyesight such as with an image for drawing attention 
and graphs of the computing result. 

In this way, by displaying the computation result 

10 of the brain waves on the display screen 522 of the 
stimulation providing device 521 and by feeding back 
such as sleepiness and reduction of the attention 
intensity to the subject 140, the brain function 
measurement by the optical measurement can be performed 

15 under a condition in which a desired brain activeness 
is kept, for example, under "awakened condition". As 
a result, a loss of obtained optical measurement data 
can be reduced and the computing load for the optical 
measurement can be lightened. 

20 Although, in Figs. 10 and 11 examples, use of 6 

wave in the brain waves is explained, the entirely the 
same attention drawing can be achieved by making use 
of /3 wave (14~33Hz) . Namely, the 0 wave represents a 
condition when the subject is under high tension, high 

25 attentiveness or high cognition, and when the subject 
is performing a matter which requires attentiveness, 
the j3 wave appears. Further, when the subject is 
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concentrating on such as a movie and TV, a wave appears, 
however, since the a wave relates to a passive 
attentiveness, which is different from the attention 
used for the brain function measurement. On the other 
5 hand, since the attentiveness of the 0 wave is a 
positive one, it is preferable to use the variation of 
the 0 wave for the evaluation of the attention. 

(Optical measurement control mode 1 according to 

10 brain condition) 

In the optical measurement, generally, noises 
included in the measurement data are reduced in such 
a manner that the optical measurement data are collected 
over a plurality of sampling cycles and the collected 

15 data are added. For this reason, the measurement time 
under the same measurement condition is prolonged and 
if the condition of the brain changes during that time, 
it is possible that the collected data become 
ineffective. Therefore, in the present embodiment, 

20 brain wave data 434 are sent from the brain wave 
computing device 432 to an optical computing device 311 
and in the optical computing device 311 the optical data 
sampled are adopted or rejected depending on the active 
condition of the brain. 

25 Fig. 12 (a) is the same diagram as Fig. 10 (a), a 

curve 601 shows time variation of awakening degree 
(attention intensity) of the subject computed by the 
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brain wave computing device 4 32. A line 602 in (a) of 
the drawing shows a judgment threshold value with regard 
to awakening degree (attention intensity) for drawing 
attention. Further, a curve 605 in (b) of the drawing 
5 represents a time variation of the optical measurement 
data computed by the optical computing device 311 for 
the corresponding time. With the brain wave computing 
device 432 or the optical computing device 311, the 
attention intensity is judged according to the 

10 processing sequence as shown in Fig. 13 and the adoption 
or rejection of the optical measurement data is 
performed. At first, brain wave data in an arbitrary 
measurement section A are Fourier transformed (Sll) . 
Subsequently, signal intensity of 0 wave (4~7Hz 

15 components) in the brain waves indicating moving to 
sleep, in that dozing of the subject is determined (S12) . 
It is judged whether the determined signal intensity 
of 0 wave exceeds over a judgment threshold value set 
in advance (S13) . When the signal intensity of 0 wave 

20 exceeds over a judgment threshold value, the section 
A is adopted as the addition section of the optical 
measurement data (S14) and when not exceeding, the 
section A is removed from the addition section of the 
optical measurement data (S15) and moves to the 

25 following section (S16) . Namely, a processing is 
performed in which the optical measurement data sampled 
in sections 606 and 607in Fig. 12 (b) where the attention 
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intensity exceeds over the judgment threshold value 602 
are added and the optical measurement data of the other 
sections are rejected for adding. 

In this instance, when storing the optical 
measurement data in the memory 220, the data is stored 
while adding markers indicating the start point and 
ending point of the adding sections 606 and 607. Further, 
the falling down of the 0 wave signal intensity below 
the threshold value represents a condition of moving 
into sleep, in that dozing, if not awaken, the subject 
will possibly move into deep sleep, there will be a case 
to add evaluation of 8 wave (1.5~4Hz). 

According to the optical measurement control mode 
1, the optical data outside the measurement condition 
can be discarded, an accuracy of the optical measurement 
can be enhanced. Further, the measurement times to be 
repeated for enhancing the measurement accuracy are 
reduced, thereby, the substantial measurement time is 
shortened. 

Further, like the alternative as explained in 
connection with Fig. 11 example, in Fig. 13 example, in 
place of the 0 wave, the adoption or rejection of the 
measurement data can be performed through judgment of 
the attention intensity based on the 0 wave. Fig. 14 
exemplarily shows waveform diagrams when performing the 
adoption or rejection of the measurement data based on 
the brain waves of other specific f reguencies . (a) in 
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the drawing shows a waveform diagram of the brain waves, 

(b) in the drawing shows ah example of waveform in the 
specific frequency band included in the brain waves and 

(c) in the drawing shows an example of optical 
5 measurement data waveform along the same time axis. As 

seen from the drawing, when the brain wave in the 
specific frequency band falls below a judgment 
threshold value 608, the optical measurement data are 
discarded and the optical measurement data in the other 
10 sections 609 and 609 are added. 

(Optical measurement control mode 2 according to 
brain condition) 

Among brain diseases there are diseases, for 

15 example, such as epilepsy of which appearance is 
uncertain. With regard to an attack of these brain 
diseases, although it is important to observe the brain 
condition before and after the attack, however, since 
it is uncertain when the disease appears, it is 

20 necessary to perform the optical measurement for a long 
time which causes a problem that the burden of the 
subject for the measurement is significant. Further, 
since it is necessary to store great many optical 
measurement data for a long time, a memory having a large 

25 memory capacity is required. 

Therefore, when an attack of epilepsy is detected 
according to the diagnosis result by the brain wave 
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computing device 432, the trigger signal 435 as shown 
in Fig. 9 is sent to the optical measurement control 
device 310. When the optical measurement control device 
310 receives the trigger signal 435, only the optical 
5 measurement data of a predetermined period before the 
signal reception are stored in the memory 220. Thereby, 
the memory capacity of the memory 220 can be saved. 
Further, the brain wave computing device 432 sends the 
detection of epilepsy attack to the stimulation 

10 providing device 521 and causes to display the same on 
the display screen 522 . 

As has been explained above, according to Fig. 9 
embodiment, when variation amount of oxy hemoglobin, 
deoxy hemoglobin and total hemoglobin in the intra brain 

15 of the subject 140 before and after such as audible and 
visible stimulation is given to the subject 140 and, 
for example, images the same, a brain function 
measurement can be performed through observation of the 
variation of the brain condition. 

20 In particular, according to the present 

embodiment, the brain function measurement by the 
optical measurement can be performed under a condition 
in which a desired brain activeness is kept, for example 
under "awakened condition". As a result, a loss of 

25 obtained optical measurement data can be reduced and 
the computing load for the optical measurement can be 
lightened. 



35 



Further, since the optical measurement result is 
computed after selecting the optical measurement data, 
which meet the measurement condition, the accuracy of 
the optical measurement can be enhanced. 
5 Further, although not illustrated, as an 

alternative of the present embodiment, in place of the 
brain wave measurement device a body motion detecting 
device can be used. 

The body motion detecting device is constituted 

10 by including myoelectric electrodes attached in contact 
to such as a neck of the subject 140, a myoelectric 
receiving device which receives myoelectric signals 
detected by the myoelectric electrodes and a body motion 
computing device which computes a body motion based on 

15 the myoelectric signals received by the myoelectric 
receiving device. The body motion computing device, for 
example, detects that the subject 140 moved the head 
portion and, for example, displays the same on the 
display screen 522 of the stimulation providing device 

20 521 to feed back the same to the subject 140. 

According to the present variation, like the 
awakening degree in the brain waves (attention 
intensity) , through comparison with a judgment 
threshold value (corresponding to 602 in Fig. 10) 

25 corresponding to an allowable value set in advance of 
the body motion amount, the operation or the manner of 
use corresponding to the attention drawing mode for the 
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subject and to the optical measurement control modes 
1 and 2 can be realized. Further, oppositely, an optical 
measurement of the brain condition when the subject 
moved can also be performed. 
5 Namely, in the case of the optical measurement 

control mode with the attention drawing for the subject 
which uses the body motion amount as a parameter, like 
the processing sequence as shown in Fig. 11, the 
myoelectric signals are measured in real time, the body 

10 motion amount is determined from the myoelectric data 
in a sample period immediately before, whether the body 
motion amount exceeds over the judgment threshold value 
is judged and when exceeding, an attention drawing such 
as "don't move" is given, for example, on the display 

15 screen 522. Respective waveforms at this moment of 
myoelectric signal 612, body motion amount 613 and 
optical measurement data 613 are shown in Figs. 
15(a)~(c). As shown in the drawing, whether the body 
motion amount 613 which is obtained by integrating the 

20 myoelectric signals 612 exceeds over the judgment 
threshold value 615 is judged, and the optical 
measurement data of the section exceeding are discarded 
and the optical measurement data of the sections not 
exceeding 616 and 616 are added. 

25 Further, like the processing sequence as shown in 

Fig. 13, the following process is performed for every 
section, in that a body motion amount is determined from 
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the myoelectric data of section A, whether the body 
motion amount exceeds over the judgment threshold value 
is judged, and when exceeding, the optical measurement 
data of the section A are removed from the addition 
5 section and when not exceeding over the judgment 
threshold value, the section A is selected as an 
addition section. Thereby, sihce the optical 
measurement result is computed after selecting the 
optical measurement data, which meet the measurement 
10 condition, the accuracy of the optical measurement can 
be enhanced. 



(Inherent example of optical measurement control 
mode with body motion amount) 

15 Fig. 16 shows a processing example of measurement 

mode inherent to body motion. In a case of babies, a 
baby sometimes not starts task (such as a motion) in 
response to a signal from an inspector. In such instance, 
a motion such as mouth and hand is detected from 

20 myoelectric signals and a period in which the motion 
is above a predetermined threshold value is treated as 
a task period. However, measurement data in a section 
in which the body motion is extremely large and the brain 
function measurement through the optical measurement 

25 is difficult can be removed. Namely, as shown in Fig. 16, 
a body motion amount is determined from the myoelectric 
data of the section A (S21) . Subsequently, whether the 
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determined body motion amount exceeds over a first 
judgment threshold value Ta is judged (S22) . When 
exceeding, the optical measurement data of the section 
A are removed from the addition section (S24) . On one 
5 hand, when the body motion amount does not exceed the 
judgment threshold value Ta, whether the body motion 
amount exceeds over a second judgment threshold value 
Tb (wherein, Ta>Tb) is judged (S23) . When the body motion 
exceeds over Tb, namely, when Tb<body motion amount <Ta, 

10 the optical measurement data of the section A is 
selected for the addition section (S25) . On the other 
hand, when the body motion amount falls below Tb, the 
process moves to step S24 and the optical measurement 
data of the section A are removed from the addition 

15 section. After completing these processing, the process 
moves to the following section (S26) . 

Further, in place of the step S21, a body motion 
amount is determined by measuring myoelectric data in 
real time, in place of the steps S24 and S25, when Tb<body 

20 motion amount <Ta, an image a baby likes is displayed 
on the display screen 522 of the stimulation providing 
device 521, and when body motion amount <Ta, or body 
motion amount<Tb, an image a baby dislikes can be 
displayed on the display screen 522. Namely, in order 

25 to maintain the body motion at the current state, an 
image a baby likes is displayed. When suppression of 
body motion is desired, an animation of slow tempo is 
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displayed and when a body motion increase is desired, 
an animation of up-tempo including an image a baby 
comparatively dislikes is displayed. 

Now an open eye monitor 50 in Fig. 9 embodiment will 
5 be explained. 

Since the amount of a wave in the brain waves 
decreases in response to eye opening, in order to 
enhance the measurement accuracy with the a wave, it is 
necessary to change the evaluation of the measured a 

10 wave depending on when the eye is opened and when closed. 
In particular, such is necessary when measuring the 
brain function of a baby. For this reason, in the present 
embodiment, the open eye monitor 450, which detects open 
and close condition of eye is provided and a detection 

15 signal 451 of the open eye monitor 450 is designed to 
be input to the brain wave computing device 432. 

The open eye monitor 450 takes an image of an 
eyeball in real time such as by a CCD camera and detects 
an opening degree using the area of iris of the eye as 

20 an evaluation function. Namely, as shown in Fig. 17, the 
open eye states are classified into a plurality of 
levels such as closed state, half opened state and fully 
opened state and a calibration curve 620 relating to 
the intensity of a wave at respective states is set in 

25 advance based on a plurality of measured data. 

With the calibration curve, according to the 
present embodiment, since a calibration of the a wave 
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can be performed in the brain wave computing device 4 32 
according to the open eye state, the measurement 
accuracy of the a wave can be enhanced. As a result, 
proper contents of stimulation can be given from the 
5 stimulation providing device 521. 

In the living body information signal processing 
system according to the present invention as has been 
explained above, since the physical amounts of the 
measurement object and the measurement principles of 

10 the optical measurement and the brain wave measurement 
are different, it is preferable to cooperate the 
measurement control . Namely, although both optical 
measurement and brain wave measurement measure 
variations of brain function in response to 

15 stimulations, in order to enhance the accuracy of the 
measured values, in both measurements, sampling data 
of a plurality of times with respect to the same 
stimulation are added. 

However, because of the difference of the 

20 measurement principle, as shown in Fig. 18, when a 
typical event related potentials (ERP) for the brain 
wave measurement is used, an interval (stimulation 
interval) for giving a stimulation is, for example, 
0 . l~ls and necessary number of additions is 20~200 times, 

25 on the other hand, in case of the optical measurement, 
the stimulation interval is 15~30s and the necessary 
number of additions is 5~10 times. Namely, the necessity 
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of the cooperative control is caused by the following 
facts that in the case of the brain waves, the reaction 
can be detected in a few 10 ms after giving stimulation, 
on the other hand, in the case of the optical measurement 
5 in which a variation of concentration of hemoglobin in 
blood is measured, it takes more than 10~15s until the 
blood state varies after stimulation is given. 

For this reason, in the present embodiment, as shown 
in Fig. 19, when a measurement is performed by repeating 

10 alternatively stimulation periods S and rest periods 
R, while repeating a unit stimulation 630 having a 
stimulation period of Is, data for the brain wave 
measurement can be added 100 times and data for the 
optical measurement having a unit stimulation providing 

15 interval of 20s can be added 5 times. As a result, the 
optical measurement and the brain wave measurement can 
be cooperated. The cooperative measurement can be 
realized by a sampling pulse producing means 
constituting the cooperative control unit 240 as shown 

20 in Fig. 20. Namely, as shown in the drawing, clock pulses 
generated from a clock pulse generator 241 are divided 
into clock pulses suitable for the brain wave 
measurement by a first divider 242 to provide 
stimulations as well as are supplied to a brain wave 

25 measurement use sampling unit 243. Further, the clock 
pulses divided by the first divider 242 are further 
divided by a second divider 24 4 to provide stimulations 
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as well as are supplied to an optical measurement use 
sampling unit 245. With this measure, from the sampling 
units 245 and 243, sampling pulses 631 and 632 are 
respectively output and the optical data and the brain 
5 wave data are sampled at a set timing. 

Fig. 22 shows another embodiment for the 
measurement cooperative control. In the present 
embodiment, same stimulation is used for the optical 
measurement and the brain wave measurement, and for 

10 every optical measurement and brain wave measurement 
the stimulation is added once. The stimulation time of 
the optical measurement 635 is minimized and a reaction 
with respect to the stimulation in one time is measured. 
The stimulation for the brain wave measurement 636 is 

15 added between the optical measurements 635 and 635, and 
the measurement times are increased. A necessary rest 
time should be placed before and after the stimulation 
for the optical measurement. 

As has been explained above, through effecting the 

20 measurement cooperation for the optical measurement and 
the brain wave measurement, correspondence of the brain 
function measurement by the optical measurement and the 
brain wave measurement can be achieved in short time 
without damaging the measurement characteristics of 

25 both. 

Fig. 23 is a partially cross sectioned 
perspective view showing one embodiment of a probe 
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device 50 used for the living body signal processing 
system according to the present invention. In Fig. 23, 
a part of a holder 101 made of rubber, plastic or cloth 
is shown being cut. In the drawing, the holder 101 is 
5 mounted on the head portion of the subject (living body) . 
On the holder 101, a plurality of irradiation use 
optical fibers 102a for irradiating inspection light 
of such as near infrared light onto the head portion 
and a plurality of light receiving use optical fibers 

10 102b for receiving penetration light of the inspection 
light are disposed with a predetermined interval each 
other. The respective irradiation use optical fibers 
102a are disposed at an intermediate between the 
mutually adjacent light receiving use optical fibers 

15 102b. In Fig. 23, although only one irradiation use 
optical fiber 102a and two light receiving use optical 
fibers 102b are shown, actually, the plurality of 
irradiation use optical fibers 102a and the plurality 
of light receiving use optical fibers 102b are disposed 

20 in a lattice pattern. 

The respective optical fibers 102a and 102b are 
attached to the holder 101 by means of optical fiber 
attachments 103. In each of the optical fiber 
attachments 103, a spring for the fiber (not shown) is 

25 built-in. The spring for the fiber is compressed when 
the optical fibers 102a and 102b are pressed onto the 
head portion of the subject. In this instance, because 
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of the restoring force of the spring for the fiber the 
top end portions of the optical fibers 102a and 102b 
are pressed onto the head portion of the subject. 

On the holder 101, a plurality of 
5 electroencephalogram electrodes 104 are attached via 
respective electrode use springs 105 working as an 
elastic member.- The respective electroencephalogram 
electrodes 104 are disposed at an intermediate between 
the mutually adjacent irradiation use optical fiber 

10 102a and light receiving use optical fibers 102b. More 
specifically, the respective electroencephalogram 
electrodes 104 are disposed at the center or 
substantially at the center on the line connecting the 
mutually adjacent irradiation use optical fiber 102a 

15 and light receiving use optical fibers 102b. The 
electrode use spring 105 is compressed, when the 
respective electroencephalogram electrodes 104 are 
pressed onto the head portion of the subject. In this 
instance, because of the restoring force of the 

20 electrode use springs electroencephalogram electrodes 
104 are pressed onto the head portion of the subject. 

By mounting the holder 101 on the head portion of 
the subject, the irradiation use optical fibers 102a, 
the light receiving use optical fibers 102b and the 

25 electroencephalogram electrodes 104 are at the same 
time mounted on the head portion of the subject. Then 
in order to effect a proper measurement, contacting 
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condition of the irradiation use optical fibers 102a, 
the light receiving use optical fibers 102b and the 
electroencephalogram electrodes 104 with the head 
portion of the subject is adjusted. Thereafter, 
5 inspection light is irradiated to the head portion of - 
the subject via the irradiation use optical fibers 102a. 
The penetration light of the inspection light from the 
head portion of the subject is received by the light 
receiving use optical fibers 102b and sent to the main 
10 body of the living body optical measurement apparatus 
300. 

In the main body of the living body optical 
measurement apparatus 300, a physiological variation 
inside the living body is measured based on the 

15 penetration light sent from the light receiving use 
optical fibers 102b. On one hand, the output signals 
from the electroencephalogram electrodes 104 are sent 
to the main body of the brain wave measurement apparatus 
400 via lead wires 113 (see Fig. 26) . Thereby, in the 

20 main body of the brain wave measurement apparatus 400, 
the brain waves of the subject are measured. 

On each of the fiber attachments 103, a fiber use 
reflective member 106 made of a material reflecting 
visible light is adhered. Further, on each of the 

25 attachment positions of the electroencephalogram 
electrodes 104 on the holder 101, an electrode use 
reflective member 107 made of a material reflecting 
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visible light is adhered. 

Through thus adhering the reflective members 106 
and 107, when the holder 101 is image taken by an image 
taking device such as a CCD camera which can taken a 
5 two dimensional image, a mutual relative position of 
the fiber use reflective member 106 and the electrode 
use reflective member 107 is determined. Thereby, the 
measurement positions of the irradiation use optical 
fiber 102a, the light receiving use optical fibers 102b 
10 and the electroencephalogram electrodes 104 can be 
easily grasped without actually measuring the 
individual positions. Accordingly, time and work 
required for setting before the measurement is 
lightened. 

15 Further, by image taking the holder 101 from 

different angles with a plurality of image taking 
devices, the measurement positions of the irradiation 
use optical fiber 102a, the light receiving use optical 
fibers 102b and the electroencephalogram electrodes 104 

20 can be grasped three dimensionally . 

Still further, by using such as different colors 
and different shapes for the fiber use reflective member 
106 and the electrode use reflective member 107, both 
can be easily discriminated. 

25 Still further, by using such as different colors 

and different shapes for the fiber use reflective member 
106 corresponding to the irradiation use optical fiber 
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102a and the fiber use reflective member 106 
corresponding to the light receiving use optical fiber 
102b, both can be easily discriminated. 

According to such probe device 50 used for the 
5 living body signal processing system, since the 
irradiation use optical fiber 102a, the light receiving 
use optical fibers 102b and the electroencephalogram 
electrodes 104 are attached on the common holder 101, 
both living body measurement and brain wave measurement 

10 can be performed while lightening the time and work 
reguired for setting before the measurement. Further, 
in the living body optical measurement apparatus 300, 
a brain function at the intermediate position between 
the irradiation use optical fiber 102a and the light 

15 receiving use optical fibers 102b is measured, and 
further, since in the present example, the 
electroencephalogram electrodes 104 is disposed at the 
intermediate position between the irradiation use 
optical fiber 102a and the light receiving use optical 

20 fibers 102b, the measurement positions by the living 
body optical measurement apparatus 300 and the brain 
wave measurement apparatus 4 00 can be almost met, 
thereby, the total measurement accuracy with the 
combination of the living body optical measurement 

25 apparatus 300 and the brain wave measurement apparatus 
400 can be enhanced. 

Further, in the present example, since the 
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electroencephalogram electrode 104 is attached to the 
holder 101 via the electrode use spring 105, the 
electroencephalogram electrode 104 can be firmly 
attached to the head portion of the subject, thus the 
5 brain waves can be stably measured. 

Now, Fig. 24 is a perspective view representing 
an essential part of another embodiment of a probe 
device 50 used in the living body signal processing 
system according to the present invention, and Fig. 25 

10 is a bottom view of the top end portion of an optical 
fiber in Fig. 24. In the drawings, the top ends of the 
irradiation use optical fiber 102a and the light 
receiving use optical fibers 102b are surrounded by 
sleeve members 108 made of a conductive material such 

15 as copper and brass. Each of the sleeve members 108 is 
secured to the top ends of the respective irradiation 
use optical fiber 102a and light receiving use optical 
fibers 102b. 

Between the sleeve member 108 and the respective 
20 optical fibers 102a and 102b, a liguid holding member 
109 impregnated by conductive liguid is filled. As the 
conductive liquid, for example, physiological saline 
is used. As the liquid holding member 109, for example, 
a porous member such as sponge is used. An 
25 electroencephalogram electrode 110 is constituted by 
the sleeve member 108, the liguid holding member 109 
and the conductive liquid held therein. Further the 
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electroencephalogram electrodes 110 are connected to 
the main body of the brain wave measurement apparatus 
400 via lead wires. The optical fibers 102a and 102b 
are attached to the holder 101 (see Fig. 23) by the fiber 
5 attachment 103. 

According to such probe device 50 used for the 
living body signal processing system, since at the 
respective top ends of the living body optical 
measurement use optical fibers 102a and 102b, the 

10 electroencephalogram electrodes 110 is provided 
integrally, by contacting the optical fibers 102a and 
102b to the head portion of the subject, the 
electroencephalogram electrodes 110 can be at the same 
time contacted to the head portion of the subject, the 

15 time and work required for setting before the 
measurement can be lightened. 

Now, Fig. 26 is a side view representing still 
another embodiment of a probe device 50 used in the 
living body signal processing system according to the 

20 present invention. In the drawing, a net shaped holder 
111 is mounted on the head portion of the subject. On 
the net shaped holder 111, a plurality of the 
irradiation use optical fibers 102a, light receiving 
use optical fibers 102b and electroencephalogram 

25 electrodes 104 are attached. The respective optical 
fibers 102a and 102b are attached to the holder 111 by 
the fiber attachments 112. Each of the fiber attachments 
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112 is provided with a slit (not shown) for passing 
strings. Namely, each of the fiber attachments 112 is 
attached to the holder 111 by passing the strings of 
the holder 111. Each of the electroencephalogram 
5 electrodes 104 is disposed at the intermediate position 
of the mutually adjacent irradiation use optical fiber 
102a and light receiving use optical fibers 102b. 
Further, each of the electroencephalogram electrodes 
104 connected to the main body of the brain wave 

10 measurement apparatus 400 via the lead wire 113. 

In the probe device 50 used in the living body 
signal processing system, since the optical fibers 102a 
and 102b are designed to be attached to the strings of 
the holder 111 for mounting the electroencephalogram 

15 electrodes 104, both living body measurement and brain 
wave measurement can be performed while lightening the 
time and work required for setting before the 
measurement . 

Now, Fig. 27 is a side view representing a further 

20 embodiment of a probe device 50 used in the living body 
signal processing system according to the present 
invention. In the drawing, the irradiation use optical 
fibers 102a and the light receiving use optical fibers 
102b are attached to the holder 111 by attachments 114 

25 having the same structure as attachments 114 for the 
electroencephalogram electrodes 104. Accordingly, the 
attachment structure of the optical fibers to the holder 
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111 by the attachments 114 is the same as that of the 
electroencephalogram electrodes 104 to the holder 111. 

In this manner, by equalizing the attachment 
structure of the electroencephalogram electrodes 104 
5 and the optical fibers 102a and 102b to the holder 111, 
the entire structure can be simplified and the time and 
work required for setting before the measurement is 
lightened as well as a stable setting is effected. 

Now, Fig. 28 is a view representing a still further 

10 embodiment of a probe device 50 used in the living body 
signal processing system according to the present 
invention, and Fig. 29 is a bottom view of an essential 
part of the probe device as shown in Fig. 28. In the 
drawing, the irradiation use optical fibers 102a and 

15 the light receiving use optical fibers 102b are attached 
to a gel like fiber use holder (protective gel) 115 via 
a fiber attachment 116. The gel like fiber use holder 
115 is for covering at least a part of the head portion 
of the subject. The electroencephalogram electrodes 104 

20 are attached to the net shaped holder 111 working as 
the electrode use holder. The fiber use holder 115 is 
provided with, as an electrode coupling portion which 
couples with the electroencephalogram electrodes 104, 
a plurality of electrode surrounding portions 115a 

25 which surround the side portion of the 
electroencephalogram electrodes 104. Further, Each of 
the electrode surrounding portions 115a is provided 
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with a plurality of slits for permitting escape of the 
strings of the net shaped holder 111. 

In such probe device 50 used in the living body 
signal processing system, the irradiation use optical 
5 fibers 102a and the light receiving use optical fibers 
102b are attached in advance to the fiber use holder 
115. Further, the electroencephalogram electrodes 104 
are attached to the net shaped holder 111. When 
disposing the optical fibers 102a and 102b and the 

10 electroencephalogram electrodes 104, at first the net 
shaped holder 111 is mounted on the head portion, then 
the fiber use holder 115 is mounted on the head portion 
so as to cover net shaped holder 111. At this time the 
electroencephalogram electrodes 104 fit into the 

15 electrode surrounding portions 115a. 

In the above embodiment, since the outer 
circumference of the electrode use holder is covered 
by the gel like fiber use holder 115, when a measurement 
is performed under a condition where a subject lies down, 

20 and in case when the subject rolls over, a possible 
positional displacement of the optical fibers 102a and 
102b and the electroencephalogram electrodes 104 can 
be prevented. In particular, with the provision of the 
electrode surrounding portions 115a which surround the 

25 electroencephalogram electrodes 104, not only the 
positional displacement of the optical fibers 102a and 
102b which are directly attached to the fiber use holder 
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115 but also the positional displacement of the 
electroencephalogram electrodes 104 attached to the net 
shaped holder 111 can be surely prevented. Accordingly , 
both living body measurement and brain wave measurement 
can be performed at the same time while lightening the 
time and work required for setting before the 
measurement . 



